Microfluidic device flow field characterization around tumor spheroids with tunable necrosis produced in an optimized off-chip process.
Tumor spheroids are a 3-D tumor model that holds promise for testing cancer therapies in vitro using microfluidic devices. Tailoring the properties of a tumor spheroid is critical for evaluating therapies over a broad range of possible indications. Using human colon cancer cells (HCT-116), we demonstrate controlled tumor spheroid growth rates by varying the number of cells initially seeded into microwell chambers. The presence of a necrotic core in the spheroids could be controlled by changing the glucose concentration of the incubation medium. This manipulation had no effect on the size of the tumor spheroids or hypoxia in the spheroid core, which has been predicted by a mathematical model in computer simulations of spheroid growth. Control over the presence of a necrotic core while maintaining other physical parameters of the spheroid presents an opportunity to assess the impact of core necrosis on therapy efficacy. Using micro-particle imaging velocimetry (micro-PIV), we characterize the hydrodynamics and mass transport of nanoparticles in tumor spheroids in a microfluidic device. We observe a geometrical dependence on the flow rate experienced by the tumor spheroid in the device, such that the "front" of the spheroid experiences a higher flow velocity than the "back" of the spheroid. Using fluorescent nanoparticles, we demonstrate a heterogeneous accumulation of nanoparticles at the tumor interface that correlates with the observed flow velocities. The penetration depth of these nanoparticles into the tumor spheroid depends on nanoparticle diameter, consistent with reports in the literature.